Background. The concept of fractal is one of the main paradigms of modern theoretical and experimental physics, radiophysics and radar, and fractional calculus is the mathematical basis of fractal physics, geothermal energy and space electrodynamics. We investigate the solvability of the Cauchy problem for linear and nonlinear inhomogeneous pseudodifferential diffusion equations. The equation contains a fractional derivative of a Riemann-Liouville time variable defined by Caputo and a pseudodifferential operator that acts on spatial variables and is constructed in a homogeneous, non-negative homogeneous order, a non-smooth character at the origin, smooth enough outside. The heterogeneity of the equation depends on the temporal and spatial variables and permits the Laplace transform of the temporal variable. The initial condition contains a restricted function.
Introduction
The concept of fractal is one of fundamental paradigms of modern theoretical and experimental physics, radio physics and radar, and fractional calculus is the mathematical basis of fractal physics, geothermal energy and cosmic electrodynamics.
In recent years, fractional reaction-diffusion models are studied due to their usefulness and importance in many areas of science and engineering. The reaction-diffusion equations arise naturally as description models of many evaluation problems in the real world, such as the chemistry [1, 2] , biology [3] , finance [4] [5] [6] and hydrology [7] . Burke at [8] obtained solutions for enzymesuicide substrate reaction with an instantaneous point source of substrate. In 1993 Grimson and Barker [9] introduced a continuum model for the spatio-temporal growth of bacterial colonies on the surface of a solid substrate with utilizes a reactiondiffusion equation for growth. Many cellular and sub-cellular biological processes [10] can be described in terms of diffusing and chemically reacting species (e.g. enzymes). A traditional approach to the mathematical modelling of such reactiondiffusion processes is to describe each biochemical species by its (spatially depend) concentration. Recently, interest in fractional reaction-diffusion equation [11] [12] [13] [14] [15] [16] [17] has increased because the equation exhibits self-organization phenomena and introduces a new parameter, the fractional index into the equation. Additionally, the analysis of fractional reaction-diffusion equations is of great importance from the analytical and numerical point of view. In [18] the authors obtain the analyt-ical solutions of linear and nonlinear space-time fractional reaction-diffusion equations on a finite domain by the application of homotopy perturbation transform method. Numerical results show that the HPTM is easy to implement and accurate when applied to linear and non-linear space-time fractional reaction-diffusion equations.
The Riemann-Liouville fractional integral of order α is defined as [18, p.42, 19 ]
The following fractional derivative of order α > > 0 is introduced by Caputo [20] ; see also Kilbas at all [21] in the form
where
The Laplace transform of the Caputo derivative is given by Caputo [20] ; see also [21] in form
The pseudodifferential operator A this symbol a(ξ), ξ ∈ R n , a(νξ) = ν β a(ξ), ν > 0, is differentiable when ξ = 0, is defined as
and
x) are direct and inverse Fourier transforms respectively [25] .
Then a(ξ) = |ξ| α (1+|ξ| 2 ) γ/2 in [22] , 0 < α ≤ 2, γ > 0, is proof a formula for classical solutions for time-and space-fractional kinetic equation (also known as fractional diffusion equation) and deviation time variable is given in terms of the Fox's H-function, using the step by step method. These equations describe fractal properties of real data arising in applied fields such as turbulence, hydrology, ecology, geophysics, air pollution, economics and finance.
HPTM solutions of linear space-time fractional reaction-diffusion equation
First we consider the Cauchy problem for the linear space-time fractional reaction-diffusion equation in form
there operators is defined in (1) -(4), b, c, f , p is known functions [18] .
x)] defines a continuous function of x ∈ R n for each t > 0 meant as hypersingular integral [25] ;
2) for every x ∈ R n , the fractional integral, as defined in (1), is continuously differentiable with respect to t > 0, and 0 < α ≤ 2.
3) the function u(t, x) satisfies the integropartial differential equation of (1) for every (t, x) ∈ ∈ (0, ∞)×R n and the initial condition (2) for every x ∈ R n .
Taking the Laplace transform on both sides of (5) and using (6) we get
Applying the inverse Laplace transform on both sides of (7) we get and
Now we apply the homotopy perturbation method, that is we are looking for solution of integral equation (8) as a poser series
where u n (x, t) are unknown functions, p > 0 is parameter.
. Comparing the coefficients of the like terms of p, we have n = 0:
;
Similarly
and with help of mathematical induction we get
and so on, in this manner, the rest of component of the homotopy perturbation series can be obtained. Thus the solutions in series form is given by
HPTM solutions of non-linear space-time fractional reaction-diffusion equation
Now we consider the non-linear space-time fractional reaction-diffusion equation of the form: 0 D α t u(x, t) = bAu(x, t) + f (u(x, t)) + g(x, t),
u(x, 0) = p(x), x ∈ R n .
Definition 2. The classical solution of Cauchy problem (11), (12) formulated analogue as definition 1.
Taking the Laplace transform on both sides of (11) and using (12), we get 
